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Increased expression of decorin in experimental hydronephrosis.
Transforming growth factor (TGF)-j31 is a potential mediator of tubulo-
interstitial (TI) fibrosis in the rat unilateral ureteral obstruction (UUO)
model. Decorin is a protein composed of a core protein and a chondroitin
sulfate side chain and is capable of inactivating TGF-13. Since TGF-13
strongly induces the synthesis of decorin in experimental glomerulone-
phritis, it was our intent to investigate whether altered decorin expression
is operant in the rat UUO model. Renal cortical decorin mRNA levels
initially became elevated (2.5-fold) in obstructed kidney (OBK) versus
contralateral unobstructed kidney (CUK) 24 hours post-UUO and re-
mained greater in the OBK specimens at 48 (2.3-fold), 96 (2.2-fold), and
168 (1.9-fold) hours post-ureteral ligation. Whole-body X-irradiation 11
days prior to UUO significantly reduced decorin mRNA at 24 and 96
hours post-UUO. On immunolabeling, decorin was only evident in the
adventitia of blood vessels in CUK specimens at any time point after
UUO. In contrast, OBK specimens initially demonstrated periglomerular
and peritubular interstitial localization of decorin at 96 hours post-ureteral
ligation, which became even more intense and diffuse in the tubulointer-
stitium at 168 hours post-UUO. On Western analysis, there were highly
significant increases in decorin protein expression in the OBK versus the
CUK specimens at 96 and 168 hours post-UUO. Levels of active TGF-fIl
in the renal cortex of OBK were 1.9- and 3.6-fold higher than CUK at 48
and 96 hours post-UUO. In summaiy, we demonstrated that post-UUO,
decorin mRNA and protein expression is up-regulated in the renal cortex
of OBK, but not CUK, specimens in a temporal parallel with active
TGF-pl levels and macrophage infiltration. We postulate that the devel-
opment of TI fibrosis in this model may be related to only a physiologic
induction of decorin by TGF-j3, and that pharmacologic levels may be
required to retard or prevent scarring via TGF-13 inhibition.
The unilateral ureteral obstruction (UUO) model of progres-
sive tubulointerstitial (TI) fibrosis is very useful for studying the
pathobiology of progressive renal disease. The UUO model is a
non-proteinuric, normolipidemic disorder, and thus it does not
involve these putative stimuli of renal scarring. In addition,
although the UUO model with its consequent TI fibrosis has been
classically regarded as a nonimmune model of renal injury, recent
studies have supported the contention that after ureteral ligation,
there is a mechanical disturbance within the renal cortex that
leads to immune activation, the latter notably represented by an
intense peritubular and periglomerular cortical interstitial macro-
phage infiltrates [1—3J.
One potential mediator of TI fibrosis is transforming growth
factor (TGF)-131. TGF-/31 is synthesized as a 391 amino acid
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precursor molecule, which is cleaved to a 112 amino acid subunit.
Active TGF-j31 is a 25 kDa dimeric protein composed of two
subunits linked by a disulfide bond. TGF-/31 is secreted in an
inactive (latent) form that requires activation before it can exert
its biologic effect. Latent TGF-/31 is stored at the cell surface and
in the extracellular matrix and is converted to active TGF-f31 by
an unknown mechanism(s). Although its cellular locus of up-
regulated expression of TGF-131 in the rat UUO model remains
controversial [4—6], data from our laboratory [5], among others
[6], support the infiltrating renal macrophage as one possible
source in the experimental UUO model, while other investigators
examining experimental hydronephrosis [4] as well as different
rodent models of TI fibrosis [7, 8] have identified the tubules as a
source. In another rat model, cholesterol feeding to normal
animals, Eddy [91 noted that the macrophage is a source of
TGF-pl. Thus, the site of this growth factor's altered expression
may be dependent upon the disease model investigated.
Using the anti-Thy-i model of glomerulonephritis, Border and
colleagues demonstrated, using biosynthetic labeling of cultured
nephritic glomeruli, that there was a striking induction of proteo-
glycan production by day 4 after anti-Thy-i antiserum adminis-
tration that reached a 49-fold increase by day 7 and then declined
toward control levels [10]. One of the major proteoglycans
increased was decorin [10]. The specificity for TGF-f31 in medi-
ating the increased decorin protein expression was shown when
anti-TGF- antibody, added to cultures of nephritic glomeruli
isolated on day 7 of anti-Thy-i glomerulonephritis, greatly re-
duced the production of decorin [ii]. Thus, in anti-Thy-i glomer-
ulonephritis, the expression of TGF-p mRNA, TGF-J3 protein
and secretion of active TGF-p paralleled the increased production
of decorin and mirrored the histological accumulation of matrix in
the nephritic glomeruli.
Decorin is a 92.5 kDa protein that possesses a 40 kDa core
protein and a single chondroitin sulfate side chain. TGF-f3 binds
to only the core protein of decorin and becomes inactive. When
released from decorin, TGF-f3 regains activity, suggesting a
biologic interaction of this growth factor with decorin that tran-
siently inactivates it in the extracellular matrix [12]. The observa-
tions of Border and colleagues [10, 11] that demonstrate that
TGF-p strongly induces the synthesis of decorin suggests that the
TGF-/3-decorin interaction might act as a regulatory mechanism
to modulate the activity of TGF-f3. It was our intent to investigate
whether a similar paradigm of TGF-131 and up-regulated decorin
expression were operant in the experimental UUO model in the
rat.
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Methods
Male Sprague-Dawley rats (Charles River Breeding Laborato-
ries, Wilmington, MA, USA) weighing 125 to 150 g body wt were
used in this study and were fed standard rodent chow (5001;
Purina Chows, St. Louis, MO, USA) and given water ad libitum.
Using brevital (50 mg/kg body wt intraperitoneally; E. Lilly,
Indianapolis, IN, USA) anesthesia, animals underwent a left
proximal ureteral ligation (these animals are designated as UUO).
Both the obstructed kidney (designated throughout this paper as
OBK) and the contralateral right unobstructed kidney (designat-
ed as CUK) specimens were harvested from UUO animals (N =
6 per time point) at 12, 24, 48, 96, and 168 hours after UUO.
Additional groups of rats with UUO (N = 6 per time point)
received a solitary 600 rad dose of whole body X-irradiation by a
cobalt source (Gammacell, Atomic Energy Limited of Canada)
with bilateral kidney shielding 11 days before ureteral ligation.
This sublethal method of X-irradiation delivery gives a reproduc-
ible transient monocytopenia and reduction in renal macrophage
number. The solitary X-irradiation dose was given at 11 days
before ureteral ligation to produce a reduction in the infiltrating
renal macrophage burden from the onset of UUO. From each
kidney, mid-coronal sections were initially fixed and sectioned for
immunohistochemical labeling. RNA and protein were extracted
from the remaining cortical tissue and was purified for Northern
and Western analysis of decorin mRNA and protein expression,
respectively, the latter at 96 and 168 hours post-UUO (vide infra).
Tissue preparation
For immunohistochemical labeling, kidneys were perfused with
0.9% N NaCl via an infrarenal aortic cannula for three to five
minutes to remove circulating blood cells. Kidneys were removed,
sectioned coronally, immersed in methanol-Carnoy's fixative for
16 to 24 hours, and then placed in absolute ethanol. After fixation,
mid-coronal sections were embedded in paraffin and sectioned at
approximately 4i. thickness [13].
Immunohistochemical labeling
Using an avidin-biotin complex (ABC) immunoperoxidase sys-
tem, a series of incubations were done. First, normal horse serum
(1:20; Vector Laboratories, Burlingame, CA, USA) incubation for
50 minutes at 25°C was performed. Then sections were incubated
in the following primary antibody for 60 minutes at room temper-
ature: LN 1 (1:50), which is a mouse monoclonal IgG antibody
from culture supernatants, that recognizes rat decorin [14] (kindly
provided by Dr. H. Kresse, Institut fur Physiologische Chemie und
Pathobiochemie, Universitat Munster, Germany). For immuniza-
tion, proteodermatan sulfate (decorin), corresponding to 0.2 j.M
uronic acid, was suspended in 500 jid complete Freund's adjuvant
and injected intracutaneously into the back (200 pl), the soles of
both hind feet (50 i.tl) and intraperitoneally (200 1il) of BaIb/c
mice. After 3 and 22 weeks, the injections were repeated (person-
al communication, Dr. H. Kresse).
Cortical RNA extraction and decorin mRNA quantitation
The cortex was isolated from individual rats at 4°C in both the
UUO group at 12, 24, 48, 96, and 168 hours post-ureteral ligation
as well as the previously-irradiated UUO group at 24 and 96 hours
post-ureteral ligation, and was processed according to previously-
published methods [5, 151. Total RNA was extracted from the
renal cortical tissue by the acid guanidinium thiocyanate-phenol
chloroform extraction method [16] and electrophoresed through
1.2% agarose gels containing 0.66 M formaldehyde and trans-
ferred to nylon filters (Nytran; Schleicher & Schuell, Keene, NH,
USA). RNA was immobilized by baking at 80°C for 30 minutes.
The blots were hybridized in a solution containing 1 M NaCI, 0.05
M Tris, pH 7.4, 20% dextran sulfate, 0.1 mg/mI salmon sperm
DNA, and 1.0% sodium dodecyl sulfate (SDS) with the addition
of the rat decorin cDNA insert [171 (kindly provided by Dr. Kevin
Dreher, Environmental Protection Agency, Research Triangle
Park, NC, USA). The cDNA insert was labeled with a random
primed cDNA labeling kit (Boehringer Mannheim, Indianapolis,
IN, USA) with [32PJdCTP (New England Nuclear, Boston, MA,
USA). After hybridization at 65°C for 20 hours, blots were washed
and quantitative densitometry was performed on autoradiographs
with a computer-based measurement system. The negative images
of the photographs of the formaldehyde gels stained with
ethidium bromide were also scanned for the density of the 28 s
ribosomal band to quantitate the amount of RNA loaded onto the
gel, thereby correcting for variations in loading of RNA samples
[15, 18]. The mRNA levels for decorin was expressed as ratios of
the optical density units for rat decorin mRNA to that of the
optical density of 28 s ribosomal RNA from the ethidium bro-
mide-stained formaldehyde gel. The peak optical density reading
of each band on the autoradiograph is reported as densitometric
units.
TGF-pl enzyme-linked immunosorbent assay
Specimens of rat renal cortex were isolated at 4°C from
individual OBK and CUK specimens at 48 and 96 hours post-
UUO and then finely minced in order to condition buffered
Dulbecco's Modified Eagle's Medium (DMEM) without serum
for 24 hours at 37°C according to previously published protocols
[19]. The conditioned medium was centrifuged at 1,000 g for 20
minutes; passed through a 0.22 sm filter; and had phenylmethyl-
sulfonyl fluoride (PMSF, 1 mM) added to it prior to storage at
—70°C. The protein concentration in the minced cortical tissue
was measured by a Biorad assay. Using an R & D TGF-131
enzyme-linked immunosorbent assay (ELISA) kit, 200 j.d of
samples and standards (31.5 to 2,000 pg/ml) were pipetted into
duplicate wells, which were coated with TGF-J3 soluble receptor
type II to bind any TGF-/31. After washing with phosphate-
buffered saline (PBS), an enzyme-linked polyclonal antibody
specific for TGF-/31 and conjugated to horseradish peroxidase was
added to the wells to "sandwich" the TGF-!31 immobilized during
the first incubation. The selectivity of the immunoasay is provided
by the polyclonal antibody that is specific for TGF-131 (generated
against active recombinant TGF-J31). After another set of PBS
washes to remove any unbound antibody-enzyme reagent, a
substrate solution was added to the wells and color developed in
proportion to the amount of TGF-/31 bound in the initial step.
The color development was stopped after 20 minutes, and the
intensity of the color was measured at 450 nm on a microtiter
ELISA plate reader using a SOFTMax 2.3 software program
(Molecular Devices, Menlo Park, CA, USA). The concentration
of the TGF-pl in the unknown samples was determined from the
standard curve after generating a four parameter logistic curve-fit
using the software program. The concentrations of active TGF-pl
in the samples were normalized for the amount of protein in the
minced cortical tissue that conditioned the DMEM.
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Protein extraction and Western blot analysis
Specimens or renal cortex (—500 mg) from the OBK and CUK
specimens at 168 hours post-UUO were sonicated in extraction
buffer containing 10 mrvt Tris-HC1 (pH 7.5), 1 mvt PMSF, 1 mM
ethylenediaminetetacetate (EDTA), and 2% SDS. The homoge-
nate was stored at —70°C after boiling for 10 minutes. The protein
concentration of homogenates was determined with the Biorad
assay. Samples containing 30 jxg of protein were diluted in
SDS-PAGE Laemmli buffer and loaded onto a precast gradient
gel. For Western blotting, the gel was removed and placed on a
Immobilon (PVDF) transfer membrane (Millipore) using filter
paper saturated with 300 mivi Tris buffer (pH 10.4) in 5%
methanol and, then, covered with additional filter paper saturated
with 25 mM Tris, 40 mrvt glycine and 20% methanol. This transfer
unit was placed in a MilliBlot-SDE transfer system (Millipore)
and run for 30 minutes. Transfer was judged by the standard
bands (Amersham Standards) on the transfer membrane. The gel
was stained in Coomassie Brilliant Blue for two hours. The
membrane was washed in 20 mrvi Tris-HCI (pH 7.6) with 137 NaCl
buffer with 0.1% Tween-20 and 5% wt/vol nonfat dry milk for one
hour at room temperature and then in a saline buffer for 15
minutes. The monoclonal mouse anti-rat decorin antibody (LN1,
1:5000 dilution) was incubated for one hour in horseradish
peroxidase-conjugated antibody (Amersham, 1:2,00) at room tem-
perature. The membrane was washed in an Amersham ECL
detection mixture layered on the surface of the membrane. To
measure differences between samples, the bands on the mem-
brane were scanned for optical density and compared to other
bands. Decorin protein was expressed as densitometric units per
mg renal cortical protein.
Analytical studies
All values are expressed as means SEM. When multiple groups
were compared, one-way analysis of variance was performed
initially to confirm the presence of significant differences. Then,
individual comparisons were performed with Student's t-test and
multiple pairwise comparisons according to the method of Bon-
ferroni as appropriate [20]. Statistically significant differences
between groups were defined as P values < 0.05.
Results
Northern analysis studies
Effect of UUO on renal cortical decorin steady-state mRNA levels.
As shown in Table 1, renal cortical decorin mRNA levels on
Northern analysis initially became significantly elevated (2.5-fold
increase) in OBK versus CUK specimens at 24 hours after left
ureteral ligation. The decorin mRNA levels remained significantly
greater in the OBK specimens at 48 (2.3-fold) and 96 (2.2-fold
increase) hours post-UUO. Although there was almost a twofold
elevation in renal cortical decorin mRNA levels in OBK versus
CUK specimens at 168 hours post-UUO, this difference did not
quite achieve statistical significance (P = 0.053). Due to differ-
ences in exposure times of the autoradiographs, the levels of
mRNA probed for decorin could not be compared between the
diiferent Northern blots from different time intervals. A compar-
ison of decorin mRNA levels could only be made between the
obstructed and control kidneys on the same Northern blot. To
exemplify this, Figure 1 is a Northern blot of decorin mRNA
expression at early and later time intervals post-unilateral ureteral
Table 1. Northern analysis of renal cortical decorin gene expression
after UUO
Mean
decorin/28S
Time
hours Group
rRNA ratios
densitometric
units N
Magnitude
of difference P value
12 OBK
CUK
2.32 0.41
2.00 0.24
6
6
— 0.78
24 OBK
CUK
1.99 0.33
0.79 0.11
6
6
2.5 <0.010
48 OBK
CUK
0.49 0.13
0.21 0.05
5
5
2.3 <0.05
96 OBK
CUK
0.39 0.07
0.18 0.03
6
6
2.2 <0.02
168 OBK
CUK
0.17 0.03
0.09 0.02
5
6
1.9 0.053
Values are means SEM. Abbreviations are: OBK, obstructed left
kidney; CUK, contralateral unobstructed right kidney. The time interval
indicates the number of hours after complete left ureteral ligation.
obstruction. Lane I represents total cortical RNA from a normal
or sham-operated rat, while lanes 2 and 3 represent total cortical
RNA samples from the obstructed and contralateral unobstructed
kidneys, respectively, at 24 hours after left ureteral ligation. To
address whether this observation changes with time post-ureteral
ligation, lane 4 is total cortical RNA from a normal or sham-
operated rat, while lanes 5 and 6 represent total cortical RNA
from samples from obstructed and unobstructed kidneys at 48
hours post-left ureteral ligation. This blot demonstrates that
decroin mRNA expression is increased in only the obstructed
kidney at 24 and 48 hours post-left ureteral ligation in contrast to
either a normal, sham-operated rat kidney or the contralateral
unobstructed kidney. Figure 2 demonstrates that at 96 hours after
UUO there is more intense signal for decorin mRNA expression
in OBK specimens (lanes ito 6) than in CUK ones (lanes 7 to 12).
Effect of whole body XI on decorin steady-state mRNA levels. This
interventional maneuver, which we have previously demonstrated
to produce a monocytopenia and a significant reduction in the
renal cortical macrophage infiltrate within the tubulointerstitium
of the obstructed kidney, significantly reduced renal cortical
decorin mRNA expression in OBK specimens of previously-X-
irradiated rats (XIOBK) versus OBK specimens of non-irradiated
animals at 24 and 96 hours following left ureteral ligation. At 24
hours post-UUO, the mRNA levels for decorin in OBK and
XIOBK specimens, respectively, were 1.43 0.54 versus 0.26
0.22 densitometric units (P < 0.001), while at 96 hours post-UUO,
the mRNA values were 0.93 0.27 versus 0.25 0.05 densito-
metric units (P < 0.05).
Immunohistochemical and Western analysis of decorin post- UUO
Immunohistochemical studies. As shown in Figure 3, decorin
protein expression on peroxidase immunolabeling was only evi-
dent in the adventitia of blood vessels and within the immediately
neighboring perivascular space (Fig. 3D) in either CUK speci-
mens at any time point after UUO or normal sham-operated rat
kidney specimens (Fig. 3F). In contrast, OBK specimens initially
demonstrated periglomerular and peritubular interstitial localiza-
tion of decorin at 96 hours post-ureteral ligation in addition to the
perivascular locus (Fig. 3A). At 168 hours post-UUO, there was
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1.8kb
28 Fig. 1. Northern blot of decorin mRNA
expression (top) at early and later time intervals
post-unilateral ureteral obstruction. Lane 1
represents total cortical RNA (20 pg/lane) from
a normal or sham-operated rat, while lanes 2
and 3 represent total cortical RNA samples
from the obstructed and contralateral
unobstructed kidneys, respectively, at 24 hours
post-left ureteral ligation. Lane 4 is total
cortical RNA from a normal or sham-operated
rat, while lanes 5 and 6 represent total cortical
RNA from samples from obstructed and
unobstructed kidneys 48 hours post-left ureteral
ligation. Intact 28S and 18S ribosomal RNA
bands are shown by ethidium bromide staining
of agarose gel (bottom). This blot demonstrates
that decorin mRNA expression is increased in
1 only the obstructed kidney at 24 and 48 hoursS post-left ureteral ligation in contrast to either a
normal, sham-operated rat kidney or the
contralateral unobstructed kidney.
1 2 3 4 5 6 7 8 9 10 11 12
1.8kb
28 s
18 s
Fig. 2. Northern blot analysis of total cortical RNA (20 pg/lane) from OBK specimens (lanes 1 to 6) and CUK ones of rats undergoing UUO at 96 hours
after left ureteral ligation. Total cortical RNA was probed for decorin (top). Intact 28S and 18S ribosomal RNA bands are shown by ethidium bromide
staining of agarose gel (bottom).
even more intense and diffuse immunolabeling of decorin within nolabeling pattern for decorin in peritubular and periglomerular
the cortical tubulointerstitium (Fig. 3B). Decorin protein expres- loci; however, the CUK specimens only demonstrated positive
sion was noted in the interstitium surrounding both proximal and labeling within blood vessels. As shown from a representative
distal tubules. At two weeks after UUO, the OBK specimens animal in Figure 3E, OBK at 96 hours post-ureteral ligation from
continued to exhibit the diffuse cortical tubulointerstitial immu- rats that had been previously X-irradiated exhibited markedly less
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Fig. 3. Avidin-biotinylated horseradish peroxidase immunolocalization of rat decorin, using LNJ, a mouse monoclonal IgG antibody, in representative
midcoronal OBK sections of rats at 96 hours (A) and 168 hours (B, C) after UUO; D is a representative midcoronal section from a CUK specimen at 168
hours after UUO. A. Focal pattern of decorin immunolocalization in an OBK at 96 hours after UUO in periglomerular and peritubular (smaller
arrowheads) areas of the renal cortex as well as in the adventitial space of a small artery (larger arrowheads; x200). B. More diffuse and extensive
decorin immunolocalization within the periglomerular and peritubular (smaller arrowheads) interstitial zones and periadventitial areas (larger
arrowheads) in the OBK cortex (X200). C. Higher magnification of tubules in panel B, demonstrating the diffuse nature of the peritubular interstitial
immunolocalization of decorin in the OBK at 96 hours post-UUO (x320). D. In the renal cortex of CUK specimens, only periadventitial
immunolocalization of decorin was evident (x200). E. Minimal focal pattern of decorin immunostaining (small arrowheads) in an OBK at 96 hours after
UUO in a previously X-irradiated rat (X320). In contrast to panel A, the latter representing an OBK at 96 hours post-obstruction in a non-X-irradiated
rat, there is considerably less decorin immunolabeling. F. Presence of only periadventitial decorin immunolabeling (large arrowheads) in a normal,
sham-operated rat kidney (X320).
immunolocalization of decorin within the cortical tubulointersti-
tium, in contrast to OBK (96 hr post-obstruction) from non-
irradiated rats.
Western analysis. A Western blot for decorin is shown in Figure
4. Renal cortical homogenates from CUK specimens (lanes 1 to 3)
and OBK (lanes 4 to 7) specimens were obtained at 168 hours
after left ureteral ligation. This time interval was chosen for
analysis, since at 168 hours post-UUO decorin immunolabeling
was readily evident within the cortical tubulointerstitium and
qualitatively increased, in contrast to CUK specimens at 168 hours
post-UUO. On densitometric analysis of the immunobiot there
was a highly significant difference between the OBK versus the
CUK specimens (0.36 0,01 vs. 0.09 0.02 densitometric units
per mg renal cortical protein, P < 0.001). Immunoblots per-
formed at 96 hours post-UUO also showed a significant (P <
0.001) 2.9-fold increase in decorin protein expression in OBK
versus CUK specimens at this time point.
Active TGF-pl in renal cortical conditioned medium
Levels of active TGF-/31 in DMEM conditioned by OBK and
CUK cortical specimens, harvested at 48 and 96 hours after UUO,
are shown in Table 2. As is evident, the renal cortex of OBK
specimens had 1.9- and 3.6-fold increments in active TGF-131
concentrations (pg/mi/mg cortical protein) at the 48 and 96 hour
post-UUO time intervals, respectively, versus CUK specimens
from the same UUO animals or cortical specimens from normal
sham-operated rats (SOR).
Discussion
Within hours of experimental UUO, cellular and molecular
derangements involving macrophages and pro-inflammatory cyto-
kines, notably TGF-J31, become operant [4—6]. These present
data and other observations from our laboratory [5, 21] collec-
tively support a central tenet of our hypothesis that there is
up-regulated TGF-/31 expression in the OBK at both the mRNA
and peptide levels, with active TGF-pl present in the renal cortex.
It is our contention that the increased TGF-j31 expression serves
as a pivotal mechanism in mediating the interstitial fibrosis
process.
In support of this paradigm, first, we have previously noted
increments in infiltrating cortical interstitial macrophage number
that were paralled by markedly significant increments in renal
cortical TGF-f31 mRNA levels on Northern analysis [51. This
observation does not represent a decreased degradation rate of
TGF-pl mRNA, since we have observed significantly higher
active TGF-/31 peptide levels in media conditioned by the cortex
of OBK specimens on ELISA immunoassay in this current study.
Second, we have previously noted [21] that renal cortical TGF-pl
mRNA levels on Northern analysis were significantly lowered (2-
to 3-fold) by whole-body XI prior to ureteral ligation, in associa-
tion with a normalization in the infiltrating renal cortical macro-
phage number. Third, we have previously immunohistochemically
demonstrated the presence of TGF-/31 peptide localized to the
Group N
[TGF-f31] pg/mi/mg
cortical protein
48 hr OBK 4 592.0 60.1*
48 hr CUK 4 306.5 61.8
48 hr SOR 4 314.0 27.8
96 hr OBK 4 1,051.8 133.3**
96 hr CUK 4 295.8 47.5
96 hr SOR 4 326.4 31.6
Abbreviations are: OBK, obstructed left kidney; CUK, contralateral
unobstructed right kidney; SOR, sham-operated rat. The time interval
indicates either the number of hours after complete left ureteral ligation
or following sham procedure. The [TGF-131} was normalized for the
amount of minced cortical protein pelleted from each culture dish
containing an individual rat renal cortical sample (N = 4/group), and then
solubilized in 1 N NaOH for measurement by a Biorad protein assay.
a p < 0.010 vs. 48 hr CUK and 48 hr SOR; ' P < 0.005 vs. 96 hr CUK
and 96 hr SOR by one-way analysis of variance followed by individual
comparisons with Student's t-test
renal interstitium among cells that possessed macrophage mor-
phology [51. Recently, Pimental et al [6] have noted strong TGF-p
immunoreactivity in Bowman's capsule and in peritubular inter-
stitial tissue in obstructed kidneys of rats at both one and seven
days after UUO [6]. Furthermore, these investigators consistently
found TGF-pl -immunoreactive mononuclear cells within the
interstitium of obstructed kidneys beginning at 24 hours post-
UUO [6]. The authors concluded that these mononuclear cells
may express and secrete this growth factor, thereby contributing
to the renal damage characteristic of UUO. Finally, our labora-
tory has previously shown, using reverse transcription polymerase
chain reaction, that infiltrating renal macrophages are one possi-
ble source of up-regulated TGF-131 mRNA expression [22].
Fig. 4. Western blot analysis of protein
homogenates from total renal cortex of CUK
specimens (lanes 1 to 3) and OBK specimens
(lanes 4 to 7) at 168 hours post-UUO. This time
interval post-UUO was selected, since it
represents a time point when decorin is clearly
increased on immunolabeling within the
periglomerular and peritubular interstitium and
not just surrounding blood vessels. A total of 30
xg of protein from each kidney was loaded into
each gel lane and probed with LNI, a mouse
monoclonal IgG anti-decorin antibody (1:5000
dilution), which recognizes rat decorin. Decorin
protein has a size of 92.5 kDa. As is evident,
there is a dramatic increase in decorin protein
expression in OBK specimens versus the CUK
ones on densitometry.
In addition to the above-mentioned findings, this present
investigation for the first time in the experimental hydronephrosis
model delineates the kinetics of up-regulated decorin mRNA and
protein expression in the OBK specimens, in a temporal parallel
to active renal cortical TGF-f31 levels. TGF-p has been shown to
increase proteoglycan synthesis in a number of cultured cell lines
[23]. Border and colleagues [10, 11] have noted in a model of
glomerulonephritis, likewise characterized by up-regulated
TGF-131 expression, that there is a marked induction of decorin
biosynthesis in cultured nephritic glomeruli. Our present findings
now demonstrate up-regulated decorin expression within the
tubulointerstitial compartment in temporal concert with the the
presence of significantly elevated active secreted TGF-/31. Fur-
thermore, since XI significantly reduces both interstitial macro-
phage number and TGF-131 mRNA expression [21], our current
finding of reduced decorin mRNA expression in XIOBK speci-
mens suggests that TGF-131, at least in part derived from macro-
phages, up-regulates decorin expression.
In the anti-Thy-i model of glomerulonephritis, Border and
colleagues [24] injected pharmacologic doses of decorin (450
jxgldose) and prevented excessive matrix accumulation within the
mesangium. Hausser and colleagues [25] speculated that in this
above model system, in which pharmacologic doses of decorin are
administered, complex formation between TGF-f3 and decorin
most likely occurs, thus withdrawing TGF-13 from signaling recep-
tors that mediate extracellular matrix overproduction.
We conclude that in the rat UUO model of hydronephrosis,
active TGF-f31 induces a physiologic up-regulation of decorin
mRNA and protein with immunolocalization of this proteoglycan
to the periglomerular and peritubular interstitium. One plausible
explanation for the progressive tubulointerstitial fibrosis that
characterizes this model [27] is that the physiologic up-regulation
of renal cortical decorin is inadequate to neutralize the available
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Table 2. Active [TGF-1311 in media conditioned by renal cortex of
individual rat kidneys
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TGF-/31, which consequently initiates a pro-fibrogenic cascade by
a variety of mechanisms [3]. As aptly summarized by Border and
Noble [26], fibrogenesis is not a unique pathologic process but is
due to excesses in the same biologic events involved in normal
tissue repair.
Border and Ruoslahti [28] have postulated that TGF-/3-induced
deposition of extracellular matrix at a site of injury could, if
excessive, lead to tissue fibrosis. Furthermore, the ability of
TGF-/3 to induce its own production might underlie the chronic
progressive nature of fibrotic disease [26]. These investigators also
hypothesized [12] that a "defect" in TGF-f3-proteoglycan interac-
tion may underlie the dysregulation of TGF-13 production in the
disease process. It is possible that despite the increased decorin
expression in the OBK, progressive TI fibrosis ensues because the
TGF-13-decorin interaction exists in an equilibrium with preferen-
tial binding of TGF-13 to its signaling receptor on cell surfaces
rather than to the core protein of decorin (personal communica-
tion, Dr. H. Kresse).
In summary, this investigation extends our understanding of the
pathobiologic events in the experimental UUO model, which
conform to similar events in the anti-Thy-I glomerulonephritis
model posed by Border and colleagues [12, 26]. We have demon-
strated that after left ureteral ligation, TGF-f3 is initially up-
regulated and the active peptide is present within the renal cortex.
Decorin mRNA and protein expression is up-regulated in parallel
with TGF-131 and by virtue of the significant reduction in decorin
mRNA expression on Northern analysis in XIOBK specimens
suggests that the induction of this proteoglycan's increased ex-
pression may be, at least in part, via macrophage-derived TGF-/31.
We postulate that the development of interstitial fibrosis in this
model may be related to only a physiologic induction of decorin by
TGF-/3, since pharmacologic administration of decorin prevents
matrix expansion in the rat anti-Thy-I model of glomerulonephri-
tis [24]. Further studies are necessary to discern whether there is
autoinduction of TGF-p by other resident renal cortical cells (that
is, tubular epithelium, interstitial fibroblasts) that also contribute
to the progressive interstitial fibrosis characteristic of this model.
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